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Duncan Tennent, F.R.C.S.(Orth).Abstract: Surgical simulation offers a solution to the problems of reduced training time and surgical exposure by allowing
trainees to develop surgical skills outside of the operating room in a safe, cost-effective environment. We developed a
highly detailed, procedure-specific shoulder arthroscopy simulator using 3-dimesional printing with the aim of providing
greater access to cost-effective simulation support to trainees.educed working hours, reduced operating time,1,2
3Roperating room costsdboth time and equipment,
and concerns regarding patient safety4 have all increased
the pressure on both those learning and teaching. Sur-
gical simulation offers a potential solution to many of
these problems by allowing trainees to develop surgical
skills outside of the operating room in a safe, cost-
effective environment.5 Cadaveric models provide
high-fidelity simulation1 and although transferability of
operative skills has been demonstrated,6 they are
expensive, time-consuming to prepare, and can be
difficult to access.1 Virtual reality simulators do not
enable more complex procedures to be rehearsed.
“Bench-top” simulators, e.g., Alex II Shoulder Professor
(Sawbones, Vason Island, WA), have been demonstrated
to improve ability to perform arthroscopic Bankart re-
pairs.7 Their versatility means that they sacrifice some
anatomical accuracy, and they come at a cost. The Alexeorge’s Hospital, London, United Kingdom.
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Arthroscopy Techniques, Vol 10, No 1III Shoulder Professor is $1300, and replacement glenoid
components are $30. Three-dimensional (3D) printing
has been transformative in medicine and has been used
for both surgical planning and printing of implants.8 The
purpose of this study was to develop a low-cost, highly
detailed, portable and reusable simulator that allows
specific procedures to be performed.
Surgical Technique (With Video Illustration)
Development of the Simulator
For the purposes of development, the Simulator was
designed to train one specific surgical procedure.
Arthroscopic anterior stabilization was chosen, as this is
relatively complex and is not represented by other
models to any significant degree. A computed tomog-
raphy scan of a normal left shoulder was processed
using the Philips Intellispace PACS system (Philips,Fig 1. Three-dimensional printed glenoid and humeral inserts
that slide into the box. Arrows on the inserts guide orientation
(January), 2021: pp e127-e129 e127
Fig 2. Three-dimensional printed box showing the portals
with labels. The light source with switch can be seen on the
closed model. The position of the inserts can be seen on the
open model. (AS, anterosuperior; PI, posteroinferior; PS,
posterosuperior; SL, superolateral.)
Table 1. Breakdown of Costs, USD($)
Part Construction Cost
Simulation box/housing Fused deposition modeling
(3D printed) plastic
$55
Glenoid Fused deposition modeling
(3D printed) plastic
$7
Labrum Fused deposition modeling
(3D printed) elastoplastic
$12








e128 A. BIGGS ET AL.Amsterdam, Netherlands). The raw images were edited
to leave only the glenoid and proximal humerus. The
resultant data were exported in Dicom form to Auto-
desk Fusion 360 (Autodesk, San Raphael, CA). A 3D
model of the humerus and glenoid was printed at 1:1
scale using a domestic Lulzbot Taz 5 3D printer (FAME
3D, Fargo, ND). Each component was made on a
separate detachable base so that they could be replaced
independently (Fig 1). A 3D box was printed that would
house the inserts and simulated the volume and spacing
of a normal shoulder (Fig 2). There were preplaced
ports for the camera and the instruments to be inserted.
An LED (light-emitting diodes) light source was placed
in the roof of the box. A mold for the labrum was 3D
printed and the labrum itself was manufactured from
latex in the mold and glued onto the glenoid (Fig 3).
These plans allow reliable, repeatable production of
pieces for each simulation. The costs of the components
are shown in Table 1.
A generic 0 USB camera (eBay, San Jose, CA) was
attached to a laptop computer and generic camera
software (AMCap, Noel Danjou Apps, www.noeld.
com) used to view the output. To demonstrate the
face validity of the Simulator, an arthroscopic anterior
stabilization using a knotless suture/anchor system wasFig 3. Three-dimensional printed glenoid insert, molded
glenoid, labrum, and composite productused. This required all the steps in the procedure to be
performed as would be undertaken in real surgery
(Video 1). Total cost of the simulator was $81 and the
consumables was $19.
Discussion
Simulation is an essential component of surgical ed-
ucation. The increased complexity of arthroscopic pro-
cedures requires increased time spent rehearsing and
developing the skills, but there are very few commer-
cially available simulators that will enable the trainee to
rehearse specific procedures.
3D printing enables the rapid and cost-effective
development of models, and this has been used to
create a modular simulation of the shoulder with
arthroscopic portals and a labrum for an anterior sta-
bilization procedure.
Using the same technology, it would be possible to
print components for almost any other shoulder pro-
cedure, e.g., a torn rotator cuff in any pattern to practice
rotator cuff repair. These can then be made open access
for training units or individuals to reproduce them-
selves. Using 3D printing and a modular system, the
costs are kept to a minimum. The use of 3D printing to
create this surgical simulator has a number of advan-
tages but is not perfect. These are highlighted in Table 2.Table 2. Advantages and Disadvantages
Advantages
The simulator is inexpensive to manufacture
It is easy to assemble and use
Real instruments and implants can be used
The same procedure can be attempted using different implants
The simulator has high face validity and discriminates between
novice and expert
Disadvantages
Requires 3D printer and printing skills
Development of a new model takes time and some 3D printing
skills
The 0 USB endoscope is not representative of actual surgical
practice
3D, 3-dimensional.
ARTHROSCOPIC SIMULATION USING 3D PRINTING e129Surgical simulation has a vital role in surgical training.
We have demonstrated that it is possible to produce a
simulator with low setup and maintenance costs.
Furthermore, ease of component manufacture allows
for a variety of different procedures to be performed
and practiced at minimal extra cost.
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